Background: In the field of forensic dentistry, various radiographic techniques have been used for age estimation. The coronal pulp cavity index (CPCI) indicates a reduction in the pulp chamber with age as a result of secondary dentin deposition. Methods: The study was conducted on 416 radiovisiographs (RVGs) with the aim to correlate CPCI with chronological age. Digital dental radiographs of four teeth from every subject were taken after written consent. Teeth selected for RVGs in the present study were maxillary canine, maxillary second premolar, mandibular canine, and mandibular first premolar. Two linear measurements were taken for each tooth: one was the tooth crown height (CH) and the second was the coronal pulp height (CPH). Coronal pulp cavity index was calculated for each tooth. Results: Data was statistically analyzed. ANOVA was used to show the strength of the relation between CPCI and chronological age. This study represents the first pilot investigation of this method in a Haryana population. A strong negative linear relationship was found between CPCI and chronological age. Conclusion: Age of an individual can be estimated with a good degree of accuracy using population and sexspecific regression equations. The maxillary second premolar was reported as the most reliable indicator of age in both males as well as females.
Background
Individualization of a person is a key goal in forensic science. Besides sex, age is the fundamental biological parameter which permits individualization of human remains (Koranne et al., 2017) . Forensic age estimation may be many times necessary in living persons in criminal and civil cases when the individual is either unwilling or unable to reveal his identity (Lewis and Senn 2010; Rai et al. 2010) . Most systems for age estimation rely on the bones and teeth (Ferenandes et al. 2011) . These different methods offer prevalent outcomes (Ge et al. 2015 (Ge et al. , 2016 . But when these strategies are assessed independently, those strategies that employ dental evidence offer more reliable and precise results for discovering age (Cheena and Kusum, 2017) .
In some crime scenes or archaeological digs, the teeth may be the only thing left as the teeth are preserved for a longer period of time than other body tissue and thus can be used for accurate age estimation in heavily decayed corpses (Singal and Sharma 2017) . The teeth comprise enamel (the outermost covering of the crown), dentin, and cementum (the outermost covering of the root) which makes them nearly less susceptible to environmental destruction (Talabani et al., 2015; Porto et al., 2015; Ge et al. 2016) . In forensic literature, several authors have detailed a variety of procedures for dental age computation such as biochemical, histological, morphological, and radiological techniques (Someda et al. 2009; Joseph et al., 2013; Takasaki et al. 2003; Shrestha 2014) .
Morphological methods are subjective in nature and predict a wider range of age. Biochemical and histological methods are destructive strategies which demand extraction of the teeth and so are unethical and not always possible in the case of living individuals (Jagannathan et al. 2011; Singal 2017) . This leaves only radiographic methods, which are non-destructive, practical, and applicable for estimating the ages of living people who have completely developed teeth (Babshet et al. 2010 ). The radiographic technique utilizes different parameters for age estimation including secondary dentin statement (Panchbhai 2011) . Dentin is released by the odontoblastic processes throughout the life of an individual (Das et al., 2017) . Continuous deposition of dentin will lead to a decrease in the size of the pulp cavity. Thus, the size of the dentine deposition is a useful age biomarker. The literature reports different radiological techniques for age assessment (Talabani et al. 2015; Pushpa et al. 2017; Koranne et al. 2017 ).
The present study was undertaken in the Department of Genetics (Forensic Science), Maharshi Dayanand University (MDU), Rohtak, Haryana, with a plan to quantify tooth-coronal index (CPCI) on radiovisiographs (RVG) of various teeth (maxillary canine, maxillary second premolar, mandibular canine, and mandibular first premolar) using digital image software and to derive population-specific and sex-oriented regression equations for age estimation.
Methodology

Subjects and materials
The study sample consists of radiovisiographs of 416 intact teeth (104 maxillary canines, 104 maxillary second premolars, 104 mandibular canines, and 104 mandibular first premolars) of the left side. Radiographs were collected from 104 individuals (52 males and 52 females) of known sex and age who has visited Post Graduate Institute of Dental Sciences (PGIDS), Rohtak, and PDM Dental College & Research Institute, Bahadurgarh, for the routine dental check-up during a period of 1 year (July 2017 to July 2018).
Inclusion and exclusion criteria
Only monoradicular teeth were included in the study. Canines (both maxillary as well as mandibular) and premolars (maxillary second premolar and mandibular first premolar) were selected for the study. These particular teeth have less chance for wear than other anterior teeth, are frequently present in older age groups, have the largest pulp area in the case of canines, and are least affected by masticatory action. Radiovisiographs of the subjects were taken after a written consent was signed by the subjects. The ages of the individuals ranged from 15 to 54 years. Radiographic machine (Gnatus X-ray machine having specification 70 kV/7mA, 0.05 s exposure; Kodak RVG 5200 Digital X-ray dental sensor; and XCP-DS Digital Sensor Holders) was used in the present study. For standardization of radiographs, film holder mounted on an occlusal splint and connected to the X-ray tube was used. All the RVGs were taken using the paralleling technique using grid. RVG was chosen as a mode of imaging because it has the following advantages: (1) cutting of the teeth is not necessary, (2) radiation exposure to the subject is less than from other methods, (3) RVGs can be stored in the computer for later use, (4) less time is taken as no manual processing of radiographs is required, and (5) clarity is very good for assessing the pulp chamber as well as other details of the teeth. Subjects with any developmental, endocrine or nutritional disorder, or special dental problems like impacted teeth, teeth with root canal treatment, crown restorations, broken teeth, teeth with large areas of enamel overlap between neighboring teeth, missing teeth, or unclear radiographs were excluded from the study. To overcome the magnification and angulation differences, a grid was used while taking the RVG of each tooth. Protocol of the study was approved by the Institutional Human Ethical Committee, MDU Rohtak (ethical clearance dated on July 4, 2017).
Radiographic measurements
Every radiographic image was recorded as a computer file, which was processed using a computeraided imaging program. The following measurements (in millimeter) were taken independently on every RVG, one was crown height and the other was coronal pulp height. Then, CPCI for each tooth was calculated as follows: CPCI = CPH × 100/CH. Three reference points were used in the present study for measuring CPCI. One is the cervical line, the second is the height of the crown, and the third is the height of the coronal pulp cavity (Fig. 1) . To prevent or minimize intraobserver errors, all measurements were carried out twice after an interval of 2 weeks by the same observer. Intraobserver reproducibility and reliability (99.96%) of measurements was studied using the concordance correlation coefficient (P < 0.05). Intraobserver reliability of measurement for CPH, CH, and CPCI was 99.95%, 99.96%, and 99.96%, respectively.
Statistical analysis
The chronological age of each tooth was calculated as the difference between the date of birth and the date on which the RVG was taken. The data obtained were tabulated, sorted in an Excel file, and statistically analyzed. Simple regression analysis was carried out for each tooth using Microsoft Excel package for Windows 2010 to derive regression equations for age estimation. The results were calculated and correlated with the chronologic age for evaluation. ANOVA (analysis of variance) was done to compare mean chronological age and mean estimated age by CPCI. The significance threshold was set at 5%. The prediction equations for predicting the age using CPCI for each tooth was calculated using regression analysis.
Results
The following results were obtained from RVGs of 416 teeth of 104 subjects having the age range 15-54 years (Table 1) . Statistical analysis for the whole sample was done by ANOVA and regression analysis. ANOVA was used to show the relation strength between age and CPCI. Regression equations were derived for age estimation utilizing CPCI. Coefficient of determination (R 2 ) calculated ranges from 0.894 to 0.973 [ Figs. 2 and 3 ]. Significant F and P values suggest the reliability of results (F and P significant values are less than 0.05). In regression equations, Y represents the age which is to be estimated and X is the dependent variable CPCI. R 2 indicates the percentage of variation explained by the independent variable CPCI (Table 3) . Each study subset has an equal number of observations. Standard error ranges from 1.66 to 3.33 in males and from 1.76 to 3.66 in females, respectively. ANOVA and regression analysis by sex and tooth type was done (Tables 3, 4, 5, 6, 7, 8, 9, and 10] . High significant P value (P < 0.05) has been reported in all study subsets. Analysis has been done to compare the difference between chronological age and mean estimated age in test subset for each tooth group. Highly significant P value was reported in all the teeth (Tables 11, 12 , 13, and 14). For males, its values vary from 0.29 to 0.50 and for females from 0.28 to 0.44, respectively.
Discussion
Age estimation is a vital step in the identification of unknown. If the age can be precisely evaluated, it will significantly limit the field of possible identities. These days, forensic odontologists are frequently stood up with various cases of age estimation in living as well as dead persons (Stavrianos et al. 2008) . In living persons, the importance of a reliable tool for age estimation is quite significant as legal consequences are entirely unexpected if a subject of an unknown case is judged to be juvenile or an adult (Godge et al. 2014) .
Different strategies have been developed in the field of forensic odontology for age estimation on the basis of different parameters using various teeth. Decrease in pulp size due to deposition of secondary dentine is considered to be one of the reliable biomarkers that can be used for age estimation (Mathew et al., 2013; Karkhanis et al., 2013) . Tooth cross-sectioning and radiographs are the methods that can be used for measurement of secondary dentin deposition (Singaraju and Sharada, 2009 ). Digital radiographic measurements being non-destructive in nature are generally acknowledged to estimate the age of a person (Singaraju and Sharada 2009; Drusini et al. 1997 ).
The present study for age estimation was conducted utilizing 416 RVGs. The teeth incorporated in this examination were maxillary canine, maxillary second premolar, mandibular canine, and mandibular first premolar. Canines were chosen because of better anchorage, having the longest root and longlasting teeth in the oral cavity. Less influence of masticatory forces on premolars make them reasonable for use in the present study.
The sample was divided into four age groups (Table 1) . Linear regression equations were derived for different teeth for males and females separately. Regression coefficients for different teeth extend from 0.90 to 0.97 among males and 0.89 to 0.97 in female study subjects. The results of the present study suggests that CPCI of all the selected teeth demonstrated a strong negative correlation with chronological age which is in accordance with previous studies directed by Drusini, Ikeda et al., Paewinsky et al., and Igbigbi et al. (Drusini et al. 1997; Ikeda et al. 1985; Igbigbi and Nyirenda, 2005; Paewinsky et al. 2005) .
No exceptionally huge impact of sex was accounted on age estimation using CPCI method; however, our study found the correlation of CPCI with age is higher in males than in females irrespective of the tooth type which is supported by the results of previous study conducted by Drusini (Table 2 ). Hormonal differences in males and females may be a reason for such variations suggesting the importance of sex-specific regression formulas for age estimation.
Amongst all the studied teeth, maxillary second premolar (for males R 2 = 97.4, for females R 2 = 95.3) was reported to be the most dependable marker of age due to better correlation coefficient which is supported by the previous examination done by Igbigbi et al. (Igbigbi and Nyirenda, 2005) . Association of CPCI with chronological age for maxillary canine (for males R 2 = 96.1, for females R 2 ) was found higher than mandibular canine (for males R 2 = 94.7, for females R 2 = 93.1). Mandibular first premolar (for males R 2 = 90.8, for females 89.4) showed the least correlation with chronological age amongst all the selected teeth indicating the significance of derivation of teeth-specific age estimation equations. The maxillary teeth showed a strong correlation when contrasted with the mandibular teeth suggesting that the dentine deposition may be more regular and continuous in the maxillary teeth as compared to the mandibular teeth.
Standard error varies from 0.019 (maxillary second premolar) to 0.039 (mandibular canine) (Tables 3, 4 , 5, and 6) in males and 0.020 (maxillary second premolar) to 0.043 (mandibular canine) in females (Table 7, 8, 9, and 10] which also suggests the reliability and superiority of maxillary second premolar as an age indicator over the other teeth included in the study.
Comparative analysis has been done between mean chronological age and mean estimated age in a test subset using derived linear equations. The difference between the mean chronological age and mean estimated age was found to be fluctuating from 0.27 in case of canines to 0.51 in case of the maxillary second premolar (Tables 11, 12, 13, and 14) . No statistically significant difference was reported between mean estimated age and mean chronological age which is as per the results of the study conducted by Agarwal et al. (Agarwal et al. 2012) . When contrasted with studies conducted by Igbigbi et al. in Malawian populations and Zadzinska et al. in Caucasian, we have observed a higher degree of accuracy in the present study featuring the significance of population-specific regression equations (Igbigbi and Nyirenda, 2005; Zadzinska et al. 2000) . The differences in the results of the present study and other studies could be explained by differences in the studied popula- tion, difference in sample size, and type of teeth examined in the study. This method was considered to be a good predictor of age in living individuals, but further studies are required to develop more customized regression formulas for each tooth.
Conclusion
The study could be concluded that among all the studied teeth, maxillary second premolar was observed to be the best indicator of age estimation. This highlights the importance of tooth-specific linear equations for age estimation. A highly significant correlation of age with CPCI was reported in Haryana population. Although a lot of research had been done in the area of age estimation, these studies were conducted in different populations, hampering comparisons of their accuracy. To achieve more accurate age estimation, there is a need for a corroborative population-specific study with larger samples of varying age groups to investigate several teeth together like incisors, canines, premolars, molars, and multiple regression analysis considering distinctive ecological factors such as dietary habits, genetic background, and history of any illness that can affect the accuracy of results. Development of these population-specific age estimation tools may prove valuable to forensic odontologists and anthropologists in various civil and criminal cases. 
